and ship physical capital costlessly between countries. This ability is reflected in the large cross-country consumption correlation, the small or even negative cross-country output correlation, the large variability of investment and net exports, and the cyclical movements of investment and net exports-all of which differ from the data. This leads us to ask whether a world economy with small trading frictions would produce comovements more like those in the data. To this end we introduce into the model a small transportation cost on net trade between countries. This cost lowers substantially the variability of investment and net exports and produces strongly procyclical investment. It also reduces somewhat the difference between cross-country correlations of consumption and output, but in contrast to the data, the model's consumption correlation remains substantially larger than the output correlation. We also consider a more extreme experiment in the same spirit in which international borrowing is eliminated altogether. This experiment prohibits not only physical trade in goods but also the trade in state-contingent claims that underlies international risk sharing. The quantitative properties of this experiment are very close to those with the small trading friction. This suggests that the consumption/output discrepancy is not simply the result of international risk sharing with complete markets.
This study is related to a growing body of work studying international business cycles from the perspective of dynamic general equilibrium theory, including papers by Dellas (1986) , Stockman and Svensson (1987) , and Cantor and Mark (1988). What we have done is given this work quantitative content by parameterizing a version of the theory and comparing its properties with those of international time-series data.
We proceed as follows. In Section I we review the evidence on business cycles from an international perspective. In Section II we describe our theoretical world economy and characterize its equilibrium. In Section III we derive the economy's steady state and discuss settings of the model's parameters. With the exception of the parameters of the process governing technology shocks, the parameter values are taken from Prescott's (1982, 1988) closed-economy studies and are therefore set without regard for their international implications. In Section IV we report cyclical properties of the model, and in Section V we introduce barriers to international trade in goods and assets. In Section VI we summarize our findings and speculate on directions for further work.
I. Properties of International Business Cycles
We review the properties of international business cycles in developed economies for the postwar period. These properties refer to moments of quarterly time series detrended with the Hodrick-Prescott filter and to cross correlations between such series. This filter emphasizes the medium-and high-frequency movements in the data, those that most people associate with business cycles. For discussions of the properties of this and other filters, see Hodrick and Prescott (1980) , King and Rebelo (1989) , and Kydland and Prescott (1990) . The Hodrick-Prescott filter has been used in earlier work by Kydland and Prescott (1982 , 1990 ), Hansen (1985) , Prescott (1986) , Christiano and , and Backus and Kehoe (in press) to summarize fluctuations in aggregate data. Its effect is illustrated in figure 1 for the logarithm of U.S. real output. Our statistics refer to deviations of the raw data from the trend identified by the HodrickPrescott filter, which in figure 1 is the difference between the two lines. Table 1 reports cyclical properties of the U.S. economy between 1954 and 1989. Note that the standard deviation of output fluctuations is 1.71 percent. We shall use this figure as a basis of comparison with the theoretical economy. Consumption of nondurables and services is about half as volatile as output, investment in fixed capital is more than three times as volatile as output, and hours worked is slightly less volatile than output. All three of these series are strongly procyclical. The final row of table 1 summarizes the cyclical behavior of the trade balance, measured here as the ratio of net exports to output. The trade balance has been countercyclical, with a contempo- Our interest in the consumption correlation stems from a wellknown property of complete markets: in economies with one good and stationary, additively separable preferences, consumption by every agent is deterministically and positively related to consumption by every other agent. If preferences are identical and homothetic, the relation is linear: the consumption paths of any two agents are perfectly correlated, regardless of the correlation of their incomes. Scheinkman (1984) suggests that the correlation of consumption across countries is a direct measure of how well such models mimic the international economy.
The third column of The last two columns of table 2 pertain to net exports. We measure trade, again, as the ratio of net exports to output and its variability as the standard deviation of this ratio. These measures vary over time and across countries. For each of the countries in table 2, the ratio of net exports to output is countercyclical, in the sense that its contemporaneous correlation with output is negative. The countercyclical movement of the balance of trade has been documented in annual data by Backus and Kehoe (in press) for the periods prior to World War I and between the wars for Australia, Canada, Norway, Sweden, the United Kingdom, and the United States. Dellas (1986) has found the same pattern in postwar data using spectral methods. It is also implicit in empirical work in the Keynesian tradition, like that by Krugman and Baldwin (1987) , in the strong income term in importdemand equations.
We summarize briefly. Business cycles exhibit a great deal of regularity across countries. Investment is much more volatile than output, consumption is less volatile than output, and hours worked is about as volatile as output; all three variables are procyclical. In the 12 countries we have investigated, net exports is consistently countercyclical. Output fluctuations are more highly correlated across countries than consumption fluctuations. The correlations between saving and investment rates show no clear pattern.
II. A World Economy
Our theoretical world economy consists of two countries, each represented by a large number of identical consumers and a production technology. The countries produce the same good, and their preferences and technologies have the same structure and parameter values. Although the technologies have the same form, they differ in two important respects: in each country, the labor input consists only of domestic labor, and production is subjected to country-specific technology shocks.
The 
t=' the sum of investment expenditures on all existing projects.
We depart from Kydland and Prescott in specifying the technology shock process for the two countries as a bivariate autoregression:
where Xt-(4 4, A is a matrix of coefficients, and t =(Eh, Ef). The innovations At are serially independent, multivariate, normal random variables with contemporaneous covariance matrix V, which allows contemporaneous correlation between the home and foreign innovations. Thus the shocks are stochastically related through the offdiagonal elements of A and V. We refer to the off-diagonal elements of A as spillovers since they indicate the extent to which shocks to one country's technology spill over in later periods to the other country. We assume that the vector Xt is known by agents when they make their date t decisions. We have eliminated from the original Kydland and Prescott ( 
III. Steady State and Parameter Values
We are interested in the properties of our theoretical world economy when both countries have the same structure and parameter values as the single economy of Prescott (1982, 1988) . Except for the parameters describing the stochastic relationship between home and foreign technology shocks, summarized by the matrix A of coefficients and the covariance matrix V, we use the values that Kydland and Prescott used in their closed-economy real business cycle studies. Here, the parameters of the technology shock process are estimates from international data, so none of the parameter values is chosen to help the model match international business cycle experience.
A steady state for this economy is its rest point when the variances of the shocks are zero. Most of the parameters in the KydlandPrescott studies were set to match steady-state relations for the model with postwar averages of U.S. time series. Since the world economy is symmetric, its steady state is simply that of the closed economy replicated twice. We proceed to derive the model's steady state and describe how data on means and growth rates of economic time series can be used to restrict the values of the parameters.
In the steady state, levels of consumption, labor, the stock of capital, and inventories are constant. The steady-state real rate of interest is thus r = (1 -1)/P. In the steady state, fixed investment equals depreciation and inventory investment is zero. The resource constraint is then c + 8k = y. The rental price of inventories is just the real interest rate, r. The value of resources used to produce one unit of capital in terms of the same-date consumption good is q = 1(I + r)J-'. The rental price of capital is therefore q(r + 8). A profit-maximizing firm's first-order conditions for inventories, capital, and labor imply 1 +v q(r + 1)
where w is the equilibrium wage in consumption units, determined jointly with the stand-in consumer's problem. From the consumer's first-order condition, U1IU, = w, we obtain The extra ingredient in the two-country economy is the interaction between foreign and domestic technology shocks. We estimated the parameters of the bivariate shock process using estimates of Solow (1957) residuals for the United States and for an aggregate of major European countries (Austria, Finland, Germany, Italy, Switzerland, and the United Kingdom). The logarithms of the Solow residuals are estimated as log A = log y -(1 -O)log n from aggregate data on output y and employment n and are normalized so that the mean of A is one. Details are given in the Appendix. The absence of capital stock data for this calculation is probably not a serious problem. Experience indicates that the short-run variability of the capital stock is small and orthogonal to the cycle (table 1). We would prefer to have measures of hours worked, as well as employment, but most countries do not construct comprehensive hours series. Many countries report hours data for manual workers in manufacturing, but we know from U.S. data that manufacturing hours are a small part of the total and are significantly more volatile.
Given these values for A, then, we estimate by least squares the parameters of equation (7) For both countries, the standard deviation of the innovations is set equal to .00852, the average of the two values estimated in the U.S.-European system. The correlation between innovations is set equal to .258, as estimated.
IV. Findings
We turn to the quantitative properties of our theoretical world economy, starting with the benchmark parameter values discussed in Section III and listed in table 3. Tables 4 and 5 report means and standard deviations of sample moments computed from 50 simulations of the economy, each of 100 periods. The number 100 corresponds, approximately, to the average sample length used to compute the international comovements reported in table 2. As with the data in Section II, the statistics in our experiments refer to Hodrick-Prescott filtered variables.
The properties of the theoretical world economy with the benchmark parameter values are reported in table 4. The standard deviation of output fluctuations in this economy is 1.55 percent, which is 91 percent of the standard deviation of U.S. output reported in table 1. The behavior of several of the output components, however, is quite different from that in the data. Although the variability of consumption relative to output is only slightly smaller in the model economy than it is in the U.S. data (.40 vs. .49), the variability of investment relative to output is more than three times larger (10.94 vs. 3.15). With respect to international comovements, the standard deviation of the trade balance is about seven times larger in the model economy than it is in the U.S. data and much larger than it is in the data for any country in table 2. The trade balance is essentially uncorrelated with output (with a contemporaneous correlation of In the data there is no obvious regularity in these high-frequency movements. Foreign and domestic output are negatively correlated in the model, whereas in the data they are positively correlated in all but one of the 12 countries. Also, foreign and domestic consumption are much more highly correlated in the model than they are in the data. In the model, in contrast to the data, the consumption correlation (.88) far exceeds the output correlation (-.18). We can get some intuition for these properties of the model by examining the dynamic responses to innovations pictured in figure 2. This figure illustrates the response of the benchmark economy to a one-time one-standard-deviation shock to the home country's technology innovation Eh, starting from the steady state. In the figure, productivity is measured as a percentage of its steady-state value; the remaining variables are measured as percentages of steady-state output. Figure 2a shows what happens in the home country. There, the technology innovation is followed by a rise in productivity that slowly decays. The increase in productivity is associated with increases in domestic investment, consumption, and output. The movement in investment is by far the largest, and it leads to a deficit in the balance of trade. That is, the rise in investment plus consumption is larger than the rise in output, with the difference accounted for by imports from the foreign country.
As we see in figure 2b , the innovation to domestic productivity leads eventually, through the technology spillover, to a rise in foreign productivity. Despite this, foreign output and investment both fall initially. Roughly speaking, resources are shifted to the more productive location, the home country. This happens both with capital, as investment rises in the home country and falls abroad, and with labor (not shown), which follows the same pattern. Foreign consumption, however, rises slightly. Thus we see that the equilibrium responses of foreign and domestic consumption have the same sign, but those of foreign and domestic output do not. This helps to explain the negative correlation between foreign and domestic output that we saw in table 4.
The benchmark economy, then, differs from postwar international data in several respects. In the model, investment and net exports are more variable, whereas consumption is more highly correlated across countries and output is less highly correlated. The question is whether these discrepancies are sensitive to modest changes in the model's parameter values or theoretical structure. Examples of each are reported in table 5. The first experiment following the benchmark economy is labeled asymmetric spillovers; in it, we use the asymmetric estimate of A obtained from Solow residuals for the United States and our European aggregate. In this experiment, the reported statistics are those of the home country. The largest differences from the benchmark economy involve investment: the investment/output correlation drops from .27 to -.08, and the saving/investment correlation drops from .28 to -.04. In the foreign country, however, these correlations (not reported in the table) are, respectively, .39 and .34. Clearly, the saving/investment correlation is sensitive to modest perturbations of the technology process. We also find that investment and net exports are still much more variable than they are in the data, and consumption remains more highly correlated across countries than output.
With other choices of A the economy's behavior can be quite different. We guessed that some of these discrepancies might be moderated by raising the correlation between the shocks, either by increasing the spillovers between technology shocks (the off-diagonal elements of A) or by increasing the covariance between technology innovations (the off-diagonal elements of V). In the large spillovers experiment, we consider an extreme example, raising the off-diagonal element of A from .088 to .2 and the correlation between innovations from .258 to .5. These changes probably go beyond what can be justified from the data, even with due consideration for the sampling variability of our estimates and the possibility of measurement error in the Solow residuals. We find that with these parameter values, investment and net exports are much less volatile: their standard deviations, relative to output, fall more than 70 percent. We also find that the correlation between foreign and domestic output rises, from -.18 in the benchmark economy to .38. At the same time, the consumption correlation moves further away from that in the data, rising from .88 to .95. In this last respect the model still has a large discrepancy with the data.
The next three experiments illustrate the effects on the economy of increasing risk aversion, adding a distributed lag on leisure, and reducing the length of time to build. Our intuition was that the first two changes would magnify the effect of the nonseparability in utility between consumption and leisure and therefore lower the correlation of consumption across countries. Increasing risk aversion, by lowering y from -1 to -5, has only a small downward effect on the volatility, relative to output, of investment and net exports. It raises 
V. Trading Frictions
We continue our sensitivity analysis by considering modifications to the theoretical structure. Our intuition is that the largest discrepancies we have found between theory and data reflect the ability of agents in the model to shift resources across countries and to trade in markets for state-contingent claims. The ability to shift resources allows agents to shift capital and production effort to the country with the higher current technology shock; that movement shows up in the model as excessive variability of investment and negative correlation of output across countries. Consumers' ability to insure themselves against adverse movements in their own technology shocks suggests that the shifting of production will not be reflected in consumption plans.
We therefore investigate frictions in the physical trading process and, in one extreme experiment, the market structure. We start by adding a trading friction, which we interpret as a transport cost. In its original form, the resource constraint, equation ( tributed to imperfect capital markets alone, since no assets are traded in this world. Figure 3 illustrates the dynamic responses in the autarky economy to a one-standard-deviation shock to domestic technology-the same experiment we examined in figure 2. The responses of the technology shocks, Ah and Xf, are the same as those we saw earlier, but other responses are restricted by the complete absence of trade. Note, first, that the magnitude of the response of domestic investment is much smaller in this economy than it was under free trade (the benchmark economy). Just as before, however, investment initially moves in opposite directions in the two countries. Note also that consumption increases in both countries. Under free trade, our intuition was that the positive correlation of consumption in the two countries reflected international risk-sharing arrangements. Under autarky, though, these arrangements are prohibited, yet we see the same positive correlation. This correlation thus seems to reflect instead the operation of the permanent income hypothesis. The foreign agent knows that a rise in productivity in the home country will spill over to the foreign country and raise his own future productivity and income. In anticipation of this, he chooses to increase consumption immediately and postpone some investment.
A surprising feature of these two experiments is that a small trading cost produces most of the properties of autarky. A possible explanation comes from Cole and Obstfeld (1991): if the gains from trade are small, then a small cost may have a large effect on the quantity of trade in goods and assets. To investigate this for our model, we measure the gains from trade by comparing equilibria in the benchmark (free-trade) economy to those in the autarky economy. We express the welfare gain as the percentage increase in the consumption path under autarky necessary to reach the same level of welfare attained with free access to international markets. Welfare in each case is estimated as the mean value of discounted utility over the 50 replications of 100 periods each. We find that consumption in autarky must be increased only 0.3 percent to make consumers as well off as they are when international markets are open. The welfare gains from trade in our theoretical economies stem solely from trade across states and dates. As in similar calculations by Cole and Obstfeld, the gains are remarkably small, which may help to account for the large effect of a small trading cost on the model's equilibria.
VI. Final Remarks
Real business cycle theory in closed economies has been used to examine the effect of technology shocks on aggregate fluctuations. In this paper, we have extended that theory to a competitive model of a world economy with a single homogeneous good and internationally immobile labor. This extension changes the character of aggregate fluctuations considerably. In our theoretical open economy, consumption is more highly correlated across countries, output is less highly correlated across countries, and investment and the trade balance are much more volatile than we see in the data. When small trading frictions are introduced, the volatilities of investment and net exports fall sharply. The consumption/output discrepancy, however, is much more robust. In all of our experiments-including those with trading frictions, small or prohibitive, and those with several alternative parameter settings-the cross-country correlation of consumption remains substantially larger than the output correlation. In the data the output correlation is generally larger. Since this feature is robust to a number of reasonable changes in the economy, we label it an anomaly.
The consumption/output anomaly suggests that for most questions calling for an international version of the neoclassical business cycle framework, further theoretical development is needed. An example of such a question is whether the possibility of international trade alters our assessment of the importance of technology shocks for aggregate fluctuations. In open economies, additional sources of shocks may be more important than they have been in closed economies. Other questions for international business cycle theory concern the behavior of relative prices of international goods, comovements between relative prices and the balance of trade, and the international comovements of consumption and output. Clearly these questions require modification or extension of the theoretical structure studied in this paper. Recent examples include asymmetries of country size in Baxter and Crucini (1991), additional sources of shocks in Cardia (1991), alternative preference relations in Mendoza (1991) and Devereux, Gregory, and Smith (in press), and multiple produced and traded goods in Ravn (1990) and Stockman and Tesar (1990) . It remains to be seen whether these features can provide a persuasive resolution of the consumption/output anomaly.
All these papers focus on the behavior of stochastic growth models at business cycle frequencies. A complementary issue is the ability of these models to account for comovements at low frequencies. We observe, for example, that poor but quickly growing countries borrow less from richer, more slowly growing countries than theory suggests. This and other low-frequency discrepancies between theory and data provide additional topics for further work.
Organization for Economic Cooperation and Development (OECD). Details follow. Table 1 .-The series (description, Citibase mnemonic) are output (gross national product, GNP82), consumption (personal consumption expenditures on nondurables and services, CN82 + CS82), fixed investment (gross private domestic fixed investment, GIF82), hours (person-hours of the employed labor force from the household survey, LHOURS), capital stock (net capital stock for nonresidential fixed investment, KN72 from an older Citibase tape), inventory stock (stock of nonfarm inventories, GLN82), and net exports/output (ratio of current-dollar net exports of goods and services to current-dollar GNP, GNET/GNP). With the exception of the ratio of net exports to output, which is based on current prices, and the capital stock, which is in 1972 prices, all series are in 1982 prices. Table 2 
